The scope of general surgery practice has evolved tremendously in the last 20 years. However, clinical experience in general surgery residency training has undergone relatively little change.
the "certified general surgeon is expected to have knowledge and skills in the management and team-based interdisciplinary care of morbidly obese patients, to include metabolic derangements, weight loss surgery and the counseling of patients and families." 1(p1) 2 General surgeons must actively familiarize themselves with the conditions that face patients undergoing bariatric surgery because the patients are clinically morbidly obese. The prevalence of obesity in the United States has been increasing in the last decade, and an epidemiologic survey revealed that approximately 36% of the adult population is obese. 3, 4 In response to the obesity epidemic and the efficacy of surgical weight loss, the annual number of bariatric operations is more than 100 000 in the United States and more than 340 000 worldwide in 2011. 5 At our own institution, we have witnessed the increasing frequency of patients undergoing bariatric surgery who are being cared by medical specialists, and this patient population will continue to have an increasing presence in the practices of primary care physicians and all specialized surgical physicians. We hypothesize that bariatric surgery comprises a substantial proportion of current academic surgical practice. We sought to describe the national trend of general surgery practice at academic medical centers in the United States and its implications for the scope of general surgery residency training.
Methods
The University of California Institutional Review Board approved this study as exempt because no patient data were included in the study. Colleges established the Faculty Practice Solution Center (FPSC) to more accurately characterize physician productivity. The FPSC is a national benchmarking tool for academic medical centers created from revenue data collected from more than 90 000 physicians who practice at 95 institutions across the United States. Faculty physicians who are clinically active for more than 60% of their time within a specific specialty are included in the benchmarking process.
Within the FPSC, surgery is subcategorized into general, trauma, burn, thoracic, cardiac, plastic, oncology, vascular, pediatric, and transplant surgery. Each faculty surgeon is uniquely classified into one these specialties by the academic medical centers to avoid any physician crossover into multiple specialties. Each year, approximately 250 of these surgeons are classified in the general surgery specialty. However, the FPSC database does not separately categorize minimally invasive surgery or bariatric surgery. We assume that surgeons who perform these procedures are included within the general surgery specialty.
The information from the FPSC database includes Current Procedural Terminology (CPT) codes and associated relative value units (RVUs). The CPT codes provide standardized reporting of physician services. In this study, we evaluated the reported annual mean procedure frequency per surgeon (PFS). The PFS is defined as the mean number of each CPT-coded procedure performed by a general surgeon during each year. The RVUs attached to a CPT code are indicative of the effort required to perform the service. To more specifically target the level of time, skill, training, and intensity required to provide a service, we focused on the physician work RVUs (wRVUs). For example, the wRVUs for the laparoscopic Roux-en-Y gastric bypass (RYGB) and Whipple procedures are 3.7 and 6.6 times greater than the repair of the inguinal hernia, respectively.
Deidentified coding and billing information was extracted from the FPSC database for the calendar years 2006 through 2011. A filtering method was designed and is detailed in the Figure. Only data from the general surgery specialty were used, and data from the other 9 previously listed surgical specialties were excluded. The total reported CPT codes for general surgery ranged from 1965 to 2320, depending on the year. To identify commonly performed operations, the CPT codes for each year were sorted by PFS from highest to lowest. Each CPT code was individually evaluated. The evaluation and management CPT codes were excluded to focus only on procedure CPT codes. We used the ABS to only include defined procedures and exclude procedures listed "not for major credit" (n = 83). For example, minor procedures, such as tube thoracostomy placement, central catheter placement, and simple incision and drainage, were excluded from the study. Furthermore, we focused on CPT codes considered "primary" procedures and excluded procedures labeled "list separately in addition to primary procedure" (n = 23). The filtering method was applied to each CPT code until the 100 most frequently performed procedures were selected for each year from 2006 through 2011.
The CPT codes were organized into 10 surgical categories based on procedure type and organ system ( Table 1) . For example, the hepatobiliary, pancreas, and solid-organ surgery category is consolidated into 6 generalized procedures: (1) cholecystectomy, (2) laparoscopic cholecystectomy, (3) hepatobiliary and solid-organ procedures, (4) laparoscopic hepatobiliary and solid-organ procedures, (5) pancreatic resection, Whipple type, and (6) pancreatic procedures. In addition, the CPT codes were categorized into more generalized procedures. The CPT codes for laparoscopic cholecystectomy without cholangiography (CPT code 47562) and laparoscopic cholecystectomy with cholangiography (CPT code 47563) are listed as a single general procedure-laparoscopic cholecystectomy.
Results
The list of the 100 most frequently performed procedures varied from year to year. Thus, 146 unique CPT codes were identified to have been among the 100 most frequently performed procedures during the entire study period ( Table 1 ). The
Procedure Frequency per Surgeon
The PFS for the 100 CPT codes were compared, and the most frequently performed procedures from 2006 through 2011 are listed in Table 2 . In all years, these 100 CPT codes represented a significant bulk of ABS-defined primary operations. Overall, 16 procedures were among the 10 most commonly performed procedures at least once from 2006 through 2011. Each year, the top 10 procedures accounted for more than half (range, 52.5%-57.2%) of the total top 100 procedures.
Consistently, 6 operations ranked among the top 10 most commonly performed procedures every year (Table 2) . Laparoscopic cholecystectomy (PFS, 30.3-43.5), upper gastrointestinal tract endoscopy (PFS, 26.5-34.3), laparoscopic RYGB (PFS, 18.2-24.6), partial or complete mastectomy (PFS, 16.5-35.0), inguinal hernia repair (PFS, 15.5-22.1), and abdominal wall hernia repair (PFS, 21.6-26.1) combined to represent at least 37% of the top 100 procedures performed by academic general surgeons. Individually, the mean PFS for laparoscopic cholecystectomy increased annually and peaked in 2011 (PFS, 43.5) and represented 11.1% of the top 100 procedures. Laparoscopic RYGB comprised 4.8% to 6.7% of all procedures. The 2 hernia operations represented at least 10% of academic general surgery practice. Although upper gastrointestinal tract endoscopy was one of the most frequently performed procedures in all years, lower gastrointestinal tract endoscopy was also a prevalent procedure that ranked among the top 10 in 5 of the 6 years. In total, these 2 procedures accounted for 10.1% to 13.8% of the top 100 procedures.
The PFS was examined for each surgical category ( Table 3 ). The categories of hepatobiliary, pancreas, and solid-organ surgery (PFS, 53.6-66.0), hernia surgery (PFS, 53.1-70.7), and intestinal surgery (PFS, 66.8-75.5) were the only 3 surgical categories with a PFS greater than 50 in all years. These surgical categories individually represented a significant proportion (range, 14%-21%) of all procedures, and in total they constituted up to 57% of general surgery practice. Of the remaining surgical categories, foregut surgery (PFS, 46.6-57.0); head, neck, and thoracic surgery (PFS, 31.2-36.9); and breast surgery (PFS, 27.1-54.5) were commonly performed and additionally represented the breadth of general surgery.
Bariatric surgery (PFS, 29.4-35.6) was common in all years and peaked in 2011 (Table 3 ). In addition to laparoscopic RYGB, laparoscopic adjustable gastric band surgery was among the top 10 Repeat for each CPT code until top 100 procedures reached Excluded CPT codes listed as "not for major credit" by the ABS ABS "defined" procedure?
Excluded CPT codes designated "evaluation and management" "Procedure" CPT code?
CPT codes sorted by PFS from highest to lowest In all years, laparoscopic RYGB generated the highest wRVUs per academic surgeon. This procedure consistently accounted for more than 10% of the annual wRVUs generated of the 100 most frequently performed procedures. In 2006, the generated wRVU for laparoscopic RYGB was 618.1, which represented 14.8% of all wRVUs. After a slight decrease in the intervening years, this procedure returned to its high wRVU in 2011 (618.2, which represented 11.9% of all wRVUs). Laparoscopic cholecystectomy was consistently second highest in Overall, for surgical categories, intestinal surgery (wRVU, 820.9-1066.2) and hepatobiliary, pancreas, and solid-organ surgery (wRVU, 777.7-1022.1) had the highest total wRVUs each year and accounted for 38.3% to 43.1% of all generated wRVUs ( Table 5) . In all years, bariatric surgery (wRVU, 729.7-863.7) was regularly among the top 3 highest-generating wRVUs, representing 15.3% to 18.8% of total procedures. Other key contributors to wRVU production were hernia surgery 
Discussion
The mean PFS and associated wRVUs from the FPSC database clearly signify a gradual shift in academic general surgery practice. The traditional procedures, such as appendectomy, cholecystectomy, herniorrhaphy, and endoscopy, were among the most commonly performed procedures during the 6-year period. Laparoscopic RYGB was also consistently among the most commonly performed procedure, and bariatric surgery represented 7% to 10% of all procedures under the general surgery specialty. Furthermore, laparoscopic RYGB was consistently the highest-generating wRVU procedure, and bariatric surgery represented 18% of all generated wRVUs by general surgery in the most recent 2011 FPSC data. The significant presence of bariatric procedures suggests an evolution in the scope of general surgery practice. The data may not delineate what percentage of bariatric procedures are performed by bariatric or minimally invasive surgeons, but the results are compelling that a change has occurred. In response to the increasing prevalence of patients undergoing bariatric surgery in a surgical practice, the American Society for Metabolic and Bariatric Surgery published a position statement on the acute care for complications related to bariatric surgery. 6 Patients undergoing bariatric surgery with acute surgical conditions may present a major challenge for most general surgeons unless they are familiar with the anatomical and metabolic alterations of the common bariatric procedures. The FPSC data from 2006 to 2011 confirm the high frequency of performed bariatric procedures, and in time, the population of patients undergoing bariatric surgery will become a notable portion of all physician practices. In a statewide review, Michigan hospitals' 30-day complication rates after bariatric surgery for bowel obstruction (1.5%), infection (3.2%), medical complications (1.5%), additional operation (1.7%), readmission (4.0%), and emergency department visits (6.8%) are indicative of the implications for the general surgeon. 7 At a high-volume bariatric center, the 30-day readmission rates after bariatric surgery are 5% to 6%, and the 1-year readmission rates are 12% to 13%. 8 Most patients with bariatric-related complications should be referred to a Bariatric Surgery Center of Excellence whose surgeons and facilities have the capabilities for management and care of the patient undergoing bariatric surgery. However, not all Bariatric Surgery Centers of Excellence are readily accessible, and general surgeons are often responsible for treating these patients.
There is a significant trend in general surgery training toward basic and complex laparoscopic procedures. 9 The ABS and Resident Review Committee for Surgery do not specifically require operative training in bariatric procedures, but they have increased the requirement for complex laparoscopy (number of procedures, 0-25) for graduating general surgery residents. Subsequently, there is an increasing number of graduating general surgery residents entering fellowships for advanced gastrointestinal surgery to refine their laparoscopic skills. 10 The ABS already expects general surgery residents to be competent in the surgical planning and postoperative care of patients undergoing bariatric surgery, and academic programs continue to integrate bariatric surgery in surgical residency training.
The scope of general surgery practice continues to evolve through the decades of technologic discoveries and emerging evidence-based medicine. In the 1990s, the resident operative experience transitioned from open gastrointestinal procedures to more specialized ones. 11, 12 Several studies [13] [14] [15] [16] found that implementation of a focus on training surgical residents in advance laparoscopy has significant effect on patient outcomes. Specifically, laparoscopic RYGB provides the key components to develop important advanced laparoscopic techniques, which include gastric resection and pouch creation, jejunojejunostomy, and gastrojejunostomy, provide varying aspects of laparoscopic tissue mobilization, stapling, and suturing anastomoses. 13, 14, 17 In our review, laparoscopic RYGB was uniformly one of the most commonly performed procedures among academic centers and would provide the perfect platform for surgical resident training in advance laparoscopic techniques. A review of the surgical operative log of more than 2400 general surgeons during recertification from 1995 to 1997 revealed that the mean number of procedures per general surgeon was 398, and laparoscopic and thoracoscopic operations accounted for 11% of the total procedures. 18 An update on the practice patterns of general surgery from 2007 to 2009 reported that there was an increase in laparoscopic and thoracoscopic operations, accounting for 17% of the total procedures. 19 Of the top 100 most commonly performed procedures, the mean frequency of complex laparoscopy increased from 13% to 23% from the 2006 to the 2011 FPSC calendar year. A cohort comparison of general surgeons according to the number of years since initial certification revealed a gradual increase in the mean number of laparoscopic procedures (26 in the 30-year group to 73 in the 10-year group). 19 Younger general surgeons appeared to be more apt in laparoscopic techniques for basic and complex procedures. The FPSC database is composed of purely academic medical centers and therefore may not reflect the nonacademic general surgery practice. However, community general surgery practice is commonly more heterogeneous 20 and is more likely to be confronted with the increasing presence of patients undergoing bariatric surgery. The ABS defines general surgeons under a broad umbrella, and subspecialization is becoming more common but is not specifically certified by the ABS. Subspecializations under general surgery include bariatric, breast, endocrine, and minimally invasive surgery. The ABS requires general surgeons, regardless of subspecialization and fo-
